Previously, Polyvinyl Alcohol (PVA) and phenolic resin were used for resin impregnated bamboo fiber reinforced PP composites which was manufactures for resin impregnated bamboo fiber with polypropylene (PP). Resin impregnation method can show improvement on tensile strength of fiber. However, to reduce the contact surface area and low inter-facial shear strength (IFSS) between impregnated resin and matrix, using 40% weight fraction of bamboo fiber in PP matrix, PVA impregnated composites with mean flexural and tensile strength 10% higher than untreated composites were produced butphenolic resin impregnated fiber reinforced composition's mechanical properties were decreased. In this study maleic anhydride grafted polypropylene (MAPP) was used to increase interfacial shear strength between resin impregnated fiber and PP. With 10% MAPP, IFSS between resin impregnated fiber and PP increased more than 100% and reinforced composites. MAPP with untreated, phenolic resin and PVA impregnated cases showed similar mechanical properties. Yet in water absorption test, the PVA treatment with bamboo/PP composites increased water absorption ratio. But with 10% MAPP, matrix PP water absorption ratio decreased like phenolic resin impregnated fiber reinforced composites. 10% MAPP with resin impregnated bamboo fiber reinforced PP composites can improve IFSS, mechanical properties of composite and can decrease water absorption PVA resin impregnated bamboo fiber reinforced composites.
Introduction
Nowadays, high demand and increase in more mature and eco-friendly lifestyle, along with limitation of petro-leum industry due to global warming, waste problem and exhaustion of resource, have alerted a number of researchers around the world to seek for the development of much more sustainable composite materials compared to conventional glass fiber reinforced composite ones. Most of green composite are made from yearly renewable material, and thus disposing treatments of the green composites becomes easier and environment friendly. For those reasons, natural fiber composites have already been applied for fabricating some products such as furniture and architectural materials. Recently they have gained widespread use in the automobile industry. In their application, synthetic resins such as polypropylene and polyethylene are commonly used as a matrix for natural fiber composites. However, those composites often display problems of fiber-matrix compatibility which results in decrease of mechanical properties. Therefore, in order to improve the interaction between fiber and matrix, surface treatments are necessary for modifying fibers' morphology [1] - [6] .
Natural fiber is a traditional material which has been used throughout human history to produce cloth and fabric. Natural fiber is gathering from animal and plants. Generally plant fiber is used in green composite research for reinforcement. This is because the plant fiber has benefits such as easily renewable substance, mass gathering and low cost. With FRP method, polymer can get more functional properties but established reinforcement fibers have high price or pollution problems. Natural fiber can replace established fiber for eco-friendly, density and cost. Previously Jute, kenaf, hemp and flax are used for composite.
Bamboo fiber is one of common materials used in human history but lately in Far East Asia, most of bamboo materials are replaced with plastics. It means it does not need to compete with other, against jute, kenaf and hemp. Also bamboo fiber is one of strong natural fibers, which has near or over tensile strength than mild steel. Moreover bamboo is one of fast growing plants and has high mechanical properties.
Resin impregnation method used PVA or phenolic resin had been applied for impregnation. Resin impregnation method for fiber has recovered fiber damage on surface and filled fiber rumen. It can increase fiber mechanical properties and decrease water absorption ratio.
Maleic anhydride grafted polypropylene (MAPP) is one of common modification methods for PP. It usually can improve inter-facial shear strength (IFSS) between fiber and matrix and increase mechanical properties of composites.
Due to the expansion of the green composite field, it has given us the assignments like finding cost efficient, more stale, better water absorbing materials. Previous PVA resin impregnation method with PP composites increased water absorption ratio and phenolic resin impregnation method with PP composites decreased IFSS and mechanical properties. In this paper, PP and MAPP combination was used as one of common methods for improving PP composites. Fiber tensile strength, inter-facial share strength between fiber and matrix, tensile and flexural strength, impact test and water absorption ratio was considered.
Experiments

Materials
The thermoplastic polymer PP, used as matrix material, was supplied by the Primepolymer (Japan). It had specific gravity of 0.90 -0.91, melting temperatures of 165˚C -171˚C and crystallinity of 82%. The Bamboo fiber used as reinforcing fiber was collected from China. Raw bamboo fiber obtained from bamboo which boiled with alkali solution. It washed with fluid water to remove impurities, such as; dust, bamboo powder and NaOH on fiber surface. Then it was dried with fan over 2 days. Maleic Anhydride grafted Polypropylene (MAPP) was used to modify PP matrix [7] .
Resin Impregnation Method
In this study two kinds of materials were used for resin impregnation method. PVA impregnation method was used on PVA produced by NACALAI TESQUE.INC (Japan). PVA solution was made with stirrer and 80˚C water based 3% solution mixed with over 24-hour period. It was to immerse natural fibers for two hours at room temperature. The Phenol resin treatment uses a 9% ethanol based solution. The components of the mix have used a homogenizer for 15 minutes. It was to immerse natural fibers for two hours at room temperature. Raw bamboo fiber (UB), phenol resin impregnated bamboo fiber (PHB), PVA impregnated bamboo fiber (PVB) were used for testing and manufacturing. Resin impregnated fiber was dried with fan over 2 days.
Bundle Fiber and Micro Drop Let Test Specimens
The bundle fiber tensile specimens and micro drop lets specimens were made with paper frame with washed fiber. With a paper frame fiber specimens were impregnated solutions. Micro drop lets specimens were knotted by MAPP/PP fiber and finally it was put in 180˚C oven for 30 minutes. Phenolic resin impregnated bundle fiber specimens were put in oven for 10 minutes for thermosetting. Diameter and drop lets size of specimens were measured by optical micro scope. Bundle fiber tensile specimens have 10 mm gage length.
Fabrication of Composites and Test Specimens
The composite specimens were prepared by using an injection molding machine. Before using injection molding machine, fiber and matrix were mixed in twin extruder twice. This happens inside the blocks which are heated at 170˚C. Both materials are added to the machine at the same time with a weight ratio of 3:10 (natural fiber: PP). MAPP was physically mixed with PP. As a result, 100% PP, 10% MAPP/PP and 100% MAPP were prepared. The mold used to produce specimens are prepared according to the Japanese Industrial Standard, specifically the JIS K 7139 standard. The Tensile, flexural, impact, and water absorption tests were conducted. Each type of composites was tested and its average values were reported. For tensile and bending tests, 15 and 10 specimens were used for each test and were conducted with a cross head speed of 2 mm/min and the average room temperature was 25˚C.
Water Absorption
Water absorption test used 5 specimens for each case and it followed the standard of room temperature. Before the test, specimens were dried in the oven at 70˚C for 24 hours. After dry, specimens were sodden in to the water. Total 8 times (1, 3, 24, 48, 96, 196, 288, 384 hours after), sodden specimens take out from water and measure weight of specimens. When before using scale, specimens were cleaned by paper towels [8] [9].
Results and Discussion
Bundle Fiber Tensile Test
The fiber surface was coated by resin impregnation. resin impregnation fiber. The fiber bundle tensile which treated with different strength bamboo fiber bundles has been measured and the results are shown in Figure 2 . This was explained by the resin impregnation method that contributes to the increasing of tensile strength of fiber [10] . When bamboo fiber was manufactured, process which used alkali solution for separation fiber from bamboo, showed the most successful rate. However, the alkali solution can cause to decrease in tensile strength of natural fiber. As reported by Mwaikambo and Ansell [11] , an alkali treatment would certainly damage the fiber and consequently reduce the tensile strength of the fiber. The resin impregnation method can fix and increased tensile strength of fiber. In this test, fiber diameter measure by 2D, and supposed fiber shape is cylindrical. It caused huge error in Figure 2 . In this study checked over the 50 specimens than we conclude bundle fiber tensile strength was improved.
Micro Drop Let Test
The resin impregnation is filling up and covered fiber rumen and surface. When fiber surface was coated, it fixed fiber crack of surface but at the same time it caused surface area to decease. Inter-facial shear strength between phenolic resin impregnated bamboo fiber and PP was lower than untreated. It was guessed that first physical shape was changed to a simple one and it reduced its contact area between fiber and matrix, and second inter-facial shear strength between fiber and phenolic resin is not so high [12] . PVA impregnated fiber was increased than untreated; it is based on chemical bonding between fiber and matrix. Figure 3 is laser micro scoop image of bamboo fiber on PP droplet for micro drop let test.
Mechanical Testing for Composites
The influence of the fiber treatment on the tensile strength and flexural strength are illustrated in Figure 4 . As it can be seen in Figure 4 , the tensile strength and flexural strength of the bamboo/MAPP/PP composites are not so different from resin impregnation, whereas the strength of the bamboo/MAPP/PP composite does not vary significantly even with treatment. It is different trend without MAPP. In the case of PP with the PVA impregnation, it is slightly higher than others. However with MAPP, untreated and resin impregnated cases have enough strength of IFSS. Bending test results show same trend with tensile test as it can be seen, in Figure 4 . In this test also fiber diameter measure by 2D, and supposed fiber shape is cylindrical. It caused huge error in Figure 5 . In this study checked over the 50 specimens than we conclude bundle fiber inter facial shear strength was improved. Figure 6 shows water absorption ratio of PP and MAPP/PP composites with resin impregnated bamboo fiber. The water absorption characteristics of the manufactured composites relate to a fiber treatment method. In PP composites case, the water absorption (%) decreased with phenolic resin impregnated fiber. The phenolic resin impregnated fiber reinforced composites had lower water content compared to the raw fiber reinforced composites. This may be due to the effect of the fiber surface being coated. But PVA resin impregnated fiber reinforced composite was higher than raw fiber reinforced composite. This can be explained because phenolic is one of hydrophobic material but PVA is one of hydrophilic material. As a result, phenolic resin impregnated fiber reinforced composites absorbed less water which might improve the dimensional stability of the composites. In PP mixed 10% MAPP shows different trend with pure pp composites. Pure PP and MAPP have similar water absorption ratio. But with fiber MAPP mixed composites have low water absorption ratio than PP matrix composites. In PP matrix case, PVA impregnated fiber reinforced composites have most high water absorption ratio, but in MAPP mixed PP matrix composites, untreated fiber reinforced composites have most high ratio of all. 
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